Abstract -This work aimed to study the effect of the combination of four commercial enzymatic preparations (Celluclast 1.5 L, Viscozyme L, Ultrazym AFP, and Shearzyme 500 L) on the aqueous extraction yield of the oil from the pulp of Euterpe oleracea fruit. The enzymatic preparations were tested individually and in combinations of two, three and four, in triplicate. The negative control presented the lowest extraction yield (34.91%). The tests performed with the isolated enzymatic preparations presented an average increase in the extraction yield of approximately 30% compared to the negative control, confirming the important role of the enzymes in the extraction process. The tests performed with the combination of more than two enzymatic preparations increased the extraction yield by approximately 90% compared to the negative control, demonstrating the advantage of using combinations of enzymes. Among the different tests, those performed with the combination of three enzymatic preparations, including the cellulase class-type enzyme, Celluclast 1.5 L, stood out by presenting a high extraction yield (> 65%) and being statistically equal to the one using all four, which is interesting for the industry due to the reduced cost of the process.
INTRODUCTION
Over the last few decades, the population has been achieving higher longevity. Among other factors, this is due to better quality of life, with emphasis on the relationships between the health of people and a healthy diet (Aiello et al., 2016) . The bioactive compounds present in food, especially those of vegetable origin, have been a frequent object of research due to their positive health implications (Liu, 2013) .
In this context, the fruit of the açai palm tree (Euterpe oleracea Martius), considered in recent years to be one of the new "superfruit", are being extensively studied due to their nutritional characteristics that deliver positive health effects (Schauss, 2010; Heinrich et al., 2011; Yamaguchi et al., 2015) . The pulp of E. oleracea fruit presents a beneficial combination of lipids (~ 30-50%, on a dry basis (d.b.) of the pulp), significant concentration of dietary fibers (~ 20-50%, d.b.) and relevant content of proteins and amino acids (~ 5-10%, d.b.) .
Regarding bioactive compounds, the pulp of E. oleracea fruit is an interesting source of bioactive compounds such as phenolic compounds (specifically anthocyanins, proanthocyanidins, and other flavonoids), inorganic compounds (especially calcium, sodium and potassium), and other compounds such as sterols, carotenoids and vitamins, mainly A, C and E (Schauss et al., 2006; Bichara and Rogez, 2011) .
A recent review presents the main biological activities of the different parts of the E. oleracea species, including roots, leaves, seeds, fruit, and especially the pulp (Yamaguchi et al., 2015) . Regarding the pulp of E. oleracea fruit, research is divided into four categories: chemical characterization assays, in vitro assays, in vitro cell-based assays and in vivo studies using animal and/or human models.
Among the activities under study, the high antioxidant activity and the anti-inflammatory effects are the most commonly reported: see, e.g., the in vivo study in rat model of Machado et al. (2016) .
Among other therapeutic properties, some authors demonstrate that the pulp of E. oleracea fruit provides protection against age-related neurodegenerative disorders. For example, one can mention the in vitro cell-based assays using mouse brain BV-2 microglial cells of Poulose et al. (2012) or embryonic hippocampal and HT22 hippocampal neurons of Poulose et al. (2014) , and the in vivo studies in rat model of Machado et al. (2016) and Poulose et al. (2017) .
The pulp of E. oleracea fruit also helps against cardiovascular diseases -see, e.g., the review of Moura and Resende (2016) -, and atherosclerosis -see, e.g., the in vivo studies with ApoE deficient mice of Xie et al. (2011) and rabbits fed with a cholesterol-enriched diet of Feio et al. (2012) .
Finally, the pulp of E. oleracea fruit also presents antiproliferative bioactivity on cancer cells, such as mouse urinary bladder cells (see, e.g., Fragoso et al., 2012) , rat colon adenocarcinoma cells (see, e.g., Fragoso et al., 2013) , human colon adenocarcinoma cells (see, e.g., Pacheco-Palencia et al., 2008b) or human breast cancer cells (see, e.g., Hogan et al., 2010) .
It is worth mentioning that other berries, rich in bioactive compounds, specifically anthocyanins, present a similar spectrum of therapeutic properties (Skrovankova et al., 2015) . However, the presence of the considerable amount of lipids in the pulp of E. oleracea fruit plays an important role in facilitating the absorption of the bioactive compounds by the organism.
Therefore, more recently, some authors have focused on the chemical composition and biological activities of the oil extracted from the pulp of E. oleracea fruit. Such oil is stored in the mesocarp of the pulp of E. oleracea fruit, more specifically in the parenchyma of lipid reserve, which is composed of approximately 5 to 6 layers of elongated cells (Lopes, 2015) .
The profile of fatty acids is highly similar to that of olive oil, where more than 70% consist of mono or polyunsaturated fatty acids. Among these fatty acids, oleic acid, palmitic acid and essential fatty acids, e.g., linoleic and linolenic acids, stand out (Schauss et al., 2006; Pacheco-Palencia et al., 2008a; Nascimento et al., 2008; Batista et al., 2016) .
Furthermore, the oil from the pulp of E. oleracea fruit is rich in apolar natural antioxidants. The major phenolic compounds detected up to now are vanillic acid, syringic acid, protocatechuic acid, caffeic acid, ferulic acid, procyanidin dimers and trimers, quercetin and kaempferol rutinoside (Pacheco-Palencia et al., 2008a; Marques et al., 2016) . Moreover, the oil from the pulp of E. oleracea fruit is rich in tocopherolsmainly α-and β-tocopherols (Darnet et al., 2011) -; tocotrienols -specifically β-tocotrienol (Lubrano et al., 1994) -; and phytosterols -such as β-sitosterol, campesterol, and sigmasterol (Schauss et al., 2006) .
One of the first works about the potential applications of the oil from the pulp of E. oleracea fruit is from Plotkin and Balick (1984) , who suggest its antidiarrheic action.
Other studies have shown that the ingestion of the pulp of E. oleracea fruit promotes a hypocholesterolemic effect, by the improvement of the serum fatty acid profile, probably due to the fatty acid profile of the oil from the pulp of E. oleracea fruit (Souza et al., 2012) .
In reference to the oil from the pulp of E. oleracea fruit, in vitro assays show antimicrobial activity against some bacteria associated with a host of human diseases (see, e.g., Filho and Pereira, 2012) . Other in vitro cell-based assays indicate antiproliferative bioactivity on human colon adenocarcinoma cells (see, e.g., Pacheco-Palencia et al., 2008b) .
The oral administration of the oil from the pulp of E. oleracea fruit in an in vivo study in rat model demonstrates anti-inflammatory and antinociceptive activities (see, e.g., Favacho et al., 2011 ) and a beneficial effect on dyslipidemia (see, e.g., .
The topical application of the oil from the pulp of E. oleracea fruit in nanoemulsion in in vitro cellbased assays using melanoma cell lines and in vivo studies in mice reveals its potential use as an effective photosensitizer for photodynamic therapy to treat melanoma (see, e.g., Monge-Fuentes et al., 2017) .
To date, there is no evidence of genotoxicity of the oil from the pulp of E. oleracea fruit, as reported by some recent research work. As examples, see the in vivo essay in rat model using mammalian cells (leukocytes, liver, bone marrow and testicular cells) of Marques et al. (2016) , and the in vitro cell-based assays using human lymphocytes (Maistro et al., 2013) and human hepatoma cell lines (Marques et al., 2017) .
Due to these numerous characteristics, the oil from the pulp of E. oleracea fruit is very interesting for the food, cosmetic and pharmaceutical industries (PachecoPalencia et al., 2008a; Pacheco-Palencia et al., 2008b; Heinrich et al., 2011; Yamaguchi et al., 2015) .
As observed, the study and the valorization of the oil from the pulp of E. oleracea fruit is quite recent (> 2010) and, up to now, most of the works related to such oil focused on the biological applications and not on the extraction process, useful for manufacturers.
To the best of our knowledge, there is no technology with technical-economic optimization for extracting the oil from the pulp of E. oleracea fruit, relying on the conventional physicochemical methods used at the commercial scale (Yamaguchi et al., 2015) . These methods usually employ organic solvents, mainly n-hexane, hydraulic press and supercritical CO 2 (Batista et al., 2016) . Although giving a good extraction yield, they are costly and of difficult manipulation on an industrial scale. In the case of the petroleum solvents, they can also lead to unfavorable economic, safety, and environmental impacts (Rosenthal et al., 1996; Sicaire et al., 2015) .
In this context, the search for bio-based solvents or "green" additives has become a major area of interest by scientists in academia and in industry. Nascimento et al. (2008) were the first who reported that the enzymatic aqueous extraction (EAE) process could be an alternative process for the extraction of the oil from the pulp of E. oleracea fruit.
The EAE process of fat and oil consists of an extraction process realized in aqueous medium using enzymes selected for their ability to completely hydrolyze the membrane and the wall of the vegetable cell and release the oil contained inside it (Domínguez et al., 1994; Ricochon and Muniglia, 2010) . In comparison to the conventional extraction processes, the use of an aqueous medium is much safer, environmentally friendly and more economical. Moreover, it may contribute to a superior quality of the extracted oil (Yusoff et al., 2015) . The main limitations for the application of the EAE process on industrial scale are the cost and the availability of the enzymes, as well as the time and cost of the downstream processes. Eventually, the EAE process allows for the simultaneous extraction of oil and its bioactive compounds, e.g., vitamins, phenolic compounds, carotenoids (Yusoff et al., 2015) .
The cell wall is composed of polysaccharides, i.e., cellulose, hemicellulose, pectin, lignin, and proteins. Therefore, for an efficient release of the oil enclosed in the plant cell, one has to use a combination of enzymes specifically designated to break down these different molecules (Rosenthal et al., 1996) . The main enzymes of interest in the EAE process of vegetable oil are those of the classes E.C. 3 (hydrolases) and E.C. 4 (lyases). Among the hydrolases, one can cite the enzymes which act on the hydrolysis of ester bonds (subclass 3.1., including hemicellulase and pectinesterase), glycosidic bonds (subclass 3.2., including cellulase and poligalacturonase), or peptidic bonds (subclass 3.3., protease-class type). Among the lyases, the main ones used are the transeliminative enzymes of the subclass 4.2 (e.g., pectin and pectate lyases), which break glycosidic bonds (Ricochon and Muniglia, 2010) .
The combination of these classes of enzymes has been successfully employed in recent years in the EAE process of several vegetable oils from raw materials presenting açai-like characteristics in terms of composition (high lipid and protein contents) (see, e.g., the review of Yussof et al., 2015) .
On this basis, this work aimed to evaluate the impact of four commercial enzymatic preparations (EP) on the EAE yield of the oil from the pulp of E. oleracea fruit, testing them individually and in combination.
MATERIALS AND METHODS

Raw Material
The E. oleracea fruits were collected in Abaetetuba (Pará State, Brazil) in December, 2015 (GPS coordinates 1°46'42" S -48°51'07" W, Species Identification Voucher nº 268513, Instituto Nacional de Pesquisas da Amazonia -INPA). The first stages of the EAE process were: (a) harvest of the fruits; (b) hygienization of the fruits under tap water; (c) softening of the fruits in lukewarm water (40°C) for 1 hour; (d) manual pulping of the fruits, using sieves, to obtain small pieces of the surrounding pulp of the fruits with mean granulometry of 0.75 mm, commonly known as "decocts"; and (e) storage of the decocts at -20°C.
Raw Material Characterization
The dry matter content of the decocts was determined by the AOCS method (AOCS Cc 7-25) using a stove (Drying and sterilizing stove, SOLAB SL-100, Piracicaba / São Paulo, Brazil) at 105°C for 4 hours (AOCS, 1998). The determination of the lipid content of the decocts was performed according to the methodology described by AOCS (AOCS Bd 3-52), using Soxhlet equipment (Soxhlet condenser and extractor, SOLAB SL 145/6, Piracicaba / São Paulo, Brazil) and petroleum ether as the extraction solvent at 60°C for 3 hours (AOCS, 1998).
Enzymatic Preparations
The identification of the commercial EP to be used in this work was done according to the following three criteria: (1) enzymatic action profile according to the cell composition of the pulp of E. oleracea fruit (cellulose, hemicellulose, pectin…); (2) optimal enzymatic activity for pH ≈ 4 -5; and (3) optimal enzymatic activity for temperatures between 30 and 60°C (which are the pH and temperature conditions reached during the EAE process of the oil from the pulp of E. oleracea fruit).
The four commercial EP selected are presented in Table 1 . They were produced by Novozymes and purchased from LNF Latino Americana (Bento Gonçalves / Rio Grande do Sul, Brazil). Table 1 presents the commercial name, main composition of the EP, and optimal range of temperature and pH, according to the product data sheet provided by Novozymes.
Process of Enzymatic Aqueous Extraction of the Oil from the Pulp of E. oleracea Fruit
The EAE process of the oil from the pulp of E. oleracea fruit was conducted based on a previous review (Yusoff et al., 2015) , and is presented in Figure  1 . Each test was performed with 100 g of decocts from the pulp of E. oleracea fruit. After homogenization and weighing, the decocts were spread in aluminum trays and submitted to a thermal pretreatment with water vapor (Steam cooker, Walita / Philips Jamie Oliver RI9132/01, Barueri / São Paulo, Brazil) until reaching 70°C, which was maintained for one minute. This procedure aims to denature the enzymes present in the raw material, as well as to allow for the partial destabilization of the lignin.
After this stage, the decocts were transferred to a 600 mL beaker. In order to facilitate the action of the EP and the liberation of the oil, 240 mL of distilled water at room temperature were added, reaching a final water content of the mixture of approximately 85%. The EP were inserted individually, or in combination (according to the test performed), at a concentration of 1g of EP to 100g of fresh decoct, and the mixture was manually homogenized. The pH of the aqueous suspension of the decocts at the beginning of the process was approximately 4.7. The pH was not adjusted to a fixed value for three reasons: first, because the initial pH did not present significant differences of values from one enzymatic test to another; second, to avoid the addition of chemicals to the medium; and third, due to the quasi-constant value of the pH until the end of the EAE process of the oil from the pulp of E. oleracea fruit.
The beakers were sealed with aluminum foil and placed in a shaker (Shaker incubator, SOLAB SL-222, Piracicaba / São Paulo, Brazil) for 240 min at 50°C with an orbital agitation of 100 rpm. Every 30 min, a more vigorous manual agitation was performed for one minute in each beaker to enhance the action of the EP, and to consequently promote a higher release of the oil into the medium. After the incubation, the mixture was quickly cooled in an ice bath until reaching 25°C.
The beakers rested for approximately 24 h at room temperature allowing for a natural solid-liquid separation by decantation. The main phases are, from bottom to top: the solid cake (fibrous and high density protein part of the mixture), the aqueous phase (containing some low density proteins) and the lipid phase (consisting of oil droplets dispersed on the surface).
After this period, about 20 mL of apolar organic solvent (n-hexane) (Dinâmica, Diadema / São Paulo, Brazil) were added to agglomerate all the oil droplets and to favor a complete separation of the lipid phase from the aqueous phase. The liquid phase of the mixture (aqueous, lipid and organic phases) was transferred to a clean beaker, from which successive filtrations were made until the elimination of any cake residue. The lipid and apolar organic phases were removed using a micropipette, and transferred to a 100 mL previously weighed beaker.
These beakers were incubated in a stove (Drying and sterilizing stove, SOLAB SL-100, Piracicaba / São Paulo, Brazil) at 100°C for 15 hours, until the complete evaporation of the apolar organic solvent. Then, they were cooled in a desiccator until reaching room temperature. After that, they were weighed (Analytical balance, SHIMADZU UniBloc AUY 220, Barueri / São Paulo, Brazil) to determine the mass of the oil extracted by the EAE process.
The extracted oil was transferred to 1.5 mL eppendorfs, which were packaged in aluminum foil, identified, and stored at 5°C for future analysis.
The calculation of the EAE yield of the oil from the pulp of E. oleracea fruit, expressed in percentage, was done by mass balance, considering the weight of the oil extracted by the EAE process and the total oil present in the initial sample determined by the AOCS official methodology.
Experimental Design
The experimental design presented a total of 16 tests: 1 negative control test (performed without enzyme: WE), 4 tests using the EP individually, 6 tests using the combination of two EP, 4 tests using the combination of three EP, and 1 test using the combination of all four EP. All tests were realized using an individual concentration of 1% of each EP. All tests were realized in triplicate.
Statistical Analysis
The results of the EAE yield were expressed as the average of the triplicate ± the standard deviation. The results were submitted to the analysis of variance (ANOVA) and LSD Fisher test, with a significance level of 0.05, using STATISTICA software version 7.0 (Statsoft Inc., Tulsa / Oklahoma, USA). Figure 2 presents the results of the EAE yield of the oil from the pulp of E. oleracea fruit, expressed in percentage, for the distinct tests: the negative control (WE), realized without EP, the four isolated EP and the combination of two, three and all four EP.
RESULTS AND DISCUSSION
The negative control test showed an EAE yield of 34.91±11.81%, which was the lowest EAE yield of all tests performed with one or more EP. This observation is similar to the literature for the EAE process of the oil from other vegetables (Yusoff et al., 2015) .
More specifically, the four tests performed with the isolated EP showed an average increase of the EAE yield of 28% compared to the negative control (from 41.52±4.31% for Celluclast 1.5 L to 47.71±11.72% for Ultrazym AFP). An increase from 20% to 50% in the EAE yield, when compared to the negative control, was also observed by several authors: see, e.g., Abdulkarim et al. (2006) for Moringa oleifera seed, Zhang et al. Gai et al. (2013) for Isatis indigotica seed, Mai et al. (2013) for gac fruit, Tabtabaei and Diosady (2013) for yellow mustard flour, and Jiao et al. (2014) for pumpkin seed.
Using EP presenting different enzymatic compositions (Table 1) , the results in Figure 2 showed that there is no significant difference between the EAE yields of the tests using the four EP individually. However, the most highlighted EP was Ultrazym AFP, composed of pectin lyase, cellulase and polygalacturonase (Table 1) . Although not showing a significantly different result in relation to the other three EP (p value > 0.05), it has a significant higher result than the negative control (p value < 0.05). Similar results were obtained by other authors, who worked with other vegetable raw materials. Zhang et al. (2007) showed a higher yield of the EAE process of the oil from rapeseed using pectinase, followed by cellulase, glucanase and xylanase. Rui et al. (2009) showed a better yield of the EAE process of the oil from white pitaya seeds using EP containing pectinase, followed by protease, cellulase and α-amylase. Puangri Gai et al. (2013) , Mai et al. (2013) and Jiao et al. (2014) also showed that pectinase was among the main enzymes that contribute to a higher yield of the EAE process of the oil from papaya seed, sunflower, Isatis indigoga, gac fruit and pumpkin seed, respectively, shortly after cellulase, hemicellulase and/or protease. Interestingly, other works showed that pectinase is among the enzymes with less influence on the EAE process of the oil: see, e.g., Abdulkarim et al. (2006) for Moringa oleifera seed, Latif et al. (2008) for canola seed, Latif and Anwar (2011) for sesame, and Tabtabaei and Diosady (2013) for yellow mustard flour.
The results in Figure 2 demonstrated that the combination of two EP promotes an average increase in the EAE yield of the oil from the pulp of E. oleracea fruit of approximately 17% compared to the use of isolated EP, probably by acting on different enzymatic sites (Ricochon et al., 2010) . Other authors like Zhang et al. (2007) , Tabtabaei and Diosady (2013) and Mai et al. (2013) also came to the same conclusion when using a combination of two enzymatic preparations in the EAE process of the oil from rapeseed, yellow mustard flour and gac fruit, respectively.
More specifically, the results pointed out the importance of using Celluclast 1.5 L together with another EP (Figure 2) . The mean EAE yields of the tests "CS", "CV" and "CU" (60.97%; 56.20% and 55.02%, respectively) were higher than the other tests ("VU" with 46.81%; "VS" with 51.33% and "US" with 44.09%). It is worth mentioning that the EAE yields of the tests "VU" and "US" did not differ statistically from the negative control (p value > 0.05), which makes them non-advantageous combinations of EP. This can be explained by the absence of a cellulase class-type enzyme, considered the "input enzyme" for the breakdown of the bonds in the plant cell wall, in these combinations (Domínguez et al., 1994) .
With the exception of the tests "VU", "VS" and "US", the tests realized with the combination of at least two EP (i.e., two, three and all four) did not differ statistically between them (p value > 0.05). This suggests that the combination of two EP would be sufficient to disrupt the E. oleracea cell wall and favor the EAE process of the oil. However, it is worth mentioning that, from a practical point of view, the use of more than two EP (i.e., three or all four) strongly facilitated the oil recovery. Other authors also observed that the use of more than two, mainly four or five EP, acting on the different polysaccharides of the vegetable cell wall, greatly facilitated the EAE of the oil at an industrial level: see, e.g., Abdulkarim et al. (2006) for Moringa oleifera seed, Zhang et al. (2007) for rapeseed, Rui et al. (2009) for white pitaya seed, Gai et al. (2013) for Isatis indigotica seed, Mai et al. (2013) for gac fruit, Tabtabaei and Diosady (2013) for yellow mustard flour, and Jiao et al. (2014) for pumpkin seed.
One can observe in Figure 2 an average increase of the EAE yield of the oil from the pulp of E. oleracea fruit of approximately 20% when using the combination of three EP, compared to the use of the combination of two EP. The results also pointed to the importance of using Celluclast 1.5 L together with other EP. Thus, the only test that showed an inferior EAE yield (p value < 0.05) was "VUS" (56.57%). Among the different tests performed, the three performed with the combination of three EP, including the cellulose class-type enzyme ("CVS", "CUS" and "CVU" with 69.49%, 67.62% and 63.78%, respectively), stood out by presenting a high EAE yield (average of 66.96%) and for being statistically equal to the one using all four EP (63.85%), which is interesting for the industry due to the cost reduction of the process.
Eventually, the combination "CVU" could be selected as the best combination of EP for the EAE process of the oil from the pulp of E. oleracea fruit. This is due to its composition of three complementary EP (including cellulase, hemicellulase and pectinase class-type enzymes), which all act in similar temperature and pH ranges (Table 1) .
CONCLUSIONS AND PERSPECTIVE
Our work focuses on the comparison and the discussion of the effect of individual and combined commercial enzymatic preparations on the aqueous extraction yield of the oil from the pulp of Euterpe oleracea fruit. More specifically, hydrolases and lyase enzymes are investigated. We show that the use of a single enzymatic preparation, at a concentration of 1%, allows an increase of approximately 30% in the enzymatic aqueous extraction yield, while the combination of at least two enzymatic preparations promotes a two-fold increase compared to the negative control. More specifically, the use of three enzymatic preparations, at an individual concentration of 1%, including cellulase, hemicellulase and pectinase classtype enzymes, is the most relevant combination for maximizing the enzymatic aqueous extraction yield of the oil from the pulp of Euterpe oleracea fruit.
Further studies will be performed in order to determine the optimal combination of the three better enzymatic preparations identified in this work -Celluclast 1.5L, Viscozyme L and Ultrazym AFPusing a mixing plane at a total enzymatic concentration of 3%, and the determination of the total optimal enzymatic concentration from both a technical and an economic point of view.
